Thermodynamics is a foundational course in nearly every engineering program. In a traditional classroom, instructors focus on the analysis of thermodynamic energy systems and their application to real world contexts. Because these complex systems can be difficult to understand, some instructors encourage students to tap into their creative side and translate thermodynamics into a language they can clearly understand. In this study, the instructor of a sophomore-level engineering thermodynamics class asked students to generate a creative interpretation of Thermodynamics.
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Inspired by her former professor of psychology, the instructor of this sophomore-level engineering thermodynamics course adapted an activity done in an upper-level personality psychology course (Wesselmann, Kassner and Graziano, 2016) . Students were asked to generate an "entry" for a contest by choosing from the following entry forms: song, poem, short story, short movie, comics, or whatever form a students' creativity took. The only requirement was that the entry needed to illustrate a thermodynamics concept covered in the course. The class evaluated these entries and voted on their favorites in a tournament-style bracket system; winners received gift books related to the science of energy in addition to the assigned credit.
Creative projects were introduced in a sophomore level semester-long course, Introductory Thermodynamics, offered two fall semesters at a large Midwestern public research university. The creative project was one of the course assignments, worth 10% of the course final grade. In addition to developing the project, students competed in the presentation contest the week before the final exam. Each student submitted an entry, which was an original poem, short story, comic, short movie or video, or other format, that they believed epitomized an important course concept of their choosing.
These entries included an explanation of how the creative product illustrated the concept. Because of the large classes, we matched submissions for content in a tournament bracket with teams of four in matchups. Based on originality, each team selected one creative entry to represent the team in the contest. After all entries in a matchup were presented, the entire class voted on which entry better illustrated that particular course concept. The winner of each matchup then advanced to the next round. First, second, and third place winners received gift books related to the science of energy.
ASSESSMENT
To assess the effectiveness of developing a creative project to demonstrate the learning of a Thermodynamics concept, we used quantitative methods to address the following hypotheses:
H1: When students choose a creative medium to present concepts from Thermodynamics, they attain scores statistically better than an average score, when answering questions related to the concept that was the topic of their creative entry.
H2:
There is a significant difference between student performance on a final exam question related to their creative project compared to others who did not develop a creative project for the same concept. 
Data Analysis
To analyze survey results of the students' self-reported outcome measures, descriptive statistics analysis was performed. We selected questions from the final exam, assessing knowledge of course content reviewed in the students' creative project (First and Second Law of Thermodynamics, Heat Transfer, Entropy, etc.). Then we compared students' performance on these questions to students' performance on the same questions whose creative projects were not focused on the same topic. For example, all the students whose entry was on the First Law were compared to all the other students who did not create an entry on the First Law. Out of 151 students 147 completed the final exam (N = 147). For topics in which more than three students had done a creative project, only those categories were analyzed using one-sample t-test. In addition, we only analyzed the creative entries that were more than four, for example the only one experiment, three games, and the four song entries were not included in the analysis. All study analyses were performed using JPM 2016 software.
RESULTS
Surprisingly for engineering students, the poems in both classes were the highest ranked entry chosen by the students, followed by short stories and videos (short movies). Their work presented a variety of creative entries -from poems, songs and comics, to short stories, animated films and Based on the one-way ANOVA model (Table 1) , the year was a significant factor (p<0.0012), but the type of entry was not found to significantly influence the student' final exam score (p<0.5619).
Below are presented some examples of students' creative entries (Figures 5-7 ). The OER holdings for all creative entries can be found here: http://ouopentextbooks.org/thermodynamics/.
All students gave permission for their work to be displayed here and at the open educational Thermodynamics resource and e a c h st u d e n t retains the copyright to their own work.
The results described below show evidence of the benefits of developing creative projects. These results corroborate our first hypothesis that when students choose a creative medium to present concepts from Thermodynamics, they attain scores statistically better than an average score when answering questions related to the concept that was the topic of their creative entry. An examination of the final exam questions reveals that most of the students scored higher (over 5) on questions related to the concepts they chose for the creative project (Table 2) . We used the one-sample t-test to determine whether the mean of a group differs from a specified value. The comparative value for our study was 5 -, the median value of a possible score of 10 on the exam problem. We chose this value because historically students' performance on similar thermodynamics problems on the assessed concepts is about 50%, as these are the concepts identified by the literature that students have misconceptions and difficulties understanding (Miller et al., 2005) . In addition, the problems chosen to compare in the final exam were problems that students needed to solve following a problem-solving technique with eight required steps. This technique was introduced to students at the beginning of the semester and it is a commonly used approach in teaching Thermodynamics.
An example of a scored problem is shown in Appendix B. For some of the problems, students were A one-sample t-test was conducted on the students' problem score to evaluate whether their score was significantly different from 5, the median of possible scores for a problem performance.
For example, the sample mean of 8.4 on a question related to Laws of Thermodynamics (SD = 2.00) was significantly different from 5, t(22) = 8.20, p = .000. The 95% confidence interval for the students' problem mean ranged from 7.570 and 9.308. The results support the conclusion that students whose creative entry presented on a Law of Thermodynamics scored higher (over 5) on questions related to the Law's concept than the average. Table 2 below summarizes all results for each concept. We present the one-sample t-test only for the topics in which more than five students had done a creative project (Table 2 ). To address our second hypothesis, and to further explore the effect of the creative project on more specific concepts and how students performed on questions related to that particular concept on the final exam, we further subcategorized the groups. We categorized "Laws of Thermodynamics" into two categories -First Law of Thermodynamics and Second Law of Thermodynamics. We also chose to explore differences in scores on topics considered some of the most difficult concepts in Thermodynamics, such as Heat and Entropy.
Since there was no significant difference between categories, we combined data from both semesters and found 20 students with projects on First Law of Thermodynamics, 24 students There were no statistically significant differences between group means as determined by oneway ANOVA ((3, 62) = .298, p = .83)). No statistically significant difference was detected across the other three topics; therefore, the results did not corroborate our second hypothesis. Table 4 combines the descriptive statistics and the One-Way ANOVA analysis of creative projects on 1 st , 2 nd Law of Thermodynamics, Heat and Entropy. To address the study's third hypothesis, at the end of the two semesters all participating students were asked in a survey to share their perceptions of the creative project. In both semesters, students overwhelmingly found creating a creative format entry stimulated their thinking, clarified concepts of thermodynamics, and increased their confidence in applying concepts of thermodynamics in real life. The students claimed they would appreciate and welcome similar creative projects in future engineering fundamental courses. In the fall of 2013, 96% of the students thought the creative project stimulated their thinking and 85% thought the project clarified their concepts of thermodynamics.
In 2014, 81% of the students thought the creative project stimulated their thinking and 81% thought the project clarified their concepts of thermodynamics. Table 5 in Appendix A contains the student self-reported outcome measures and descriptive statistics.
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contributions to multiple disciplines, we can agree with Gerald Puccio, chair of the International Center for Studies in Creativity at Buffalo State College: "The reality is that to survive in a fast-changing world you need to be creative. That is why you are seeing more attention to creativity at universities . . . The marketplace is demanding it." http://creativity.buffalostate.edu/news/newscreativity-becomes-academic-discipline Teaching with a creative activity for two semesters affirmed the study's evidence that learning concepts in these ways adds value to outcomes. For both authors, teaching with creativity and teaching to foster creativity is always integral to our pedagogies.
Solving both the well-understood problems and the ill-structured problems that make up the core of engineering thinking would be enhanced by multidisciplinary approaches. Our time with students is limited, but we all share the goal of teaching our students to become adept with diverse peoples and ideas, to collaborate, and to contribute more and better ideas through creative ways of knowing in engineering (Bairaktarova and Eodice, 2017 Eodice's ongoing research interests include co-authoring, collaborative writing, adult and higher education, developing faculty writing at universities, and student engagement and learning through writing practices.
Eodice has been a director of a writing center and a leader in the field of 
